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SUMMARY 
1. The character known as "germless" in maize is described. 
Data are presented on its occurrance and the manner of inherit-
ance and linkage relations of the genetic factors causing the 
character, together with data on other linkage relations in group 
II. 
2. It is shown that germless seeds commonly occur in our 
commercial varieties of corn. 
3. Data are presented on the inheritance of two different 
factors, gm2 and gm" which cause germless seeds. 
4. Linkage relations of gm2 and gml with factors in linkage 
group II were determined. 
5. The factor gm2 was found to be linked with R with 27.11 
percent of crossing over as compared to 31 percent previously 
reported by Demerec (6). 
6. The gm2 factor, however, did not show, in the F 2 data, 
evidences of linkage with G or Pg1 . The lack of evidence of link-
age with G is explained by assuming gm2 to be located to the left 
of R, while G has been shown by Lindstrom (9 and 10) to be 
located to the right of R with a crossover percentage of 20. 
The lack of evidence of linkage with Pg1 is explained in the same 
way after the presentation of data to show that Pg1 is also located 
to the right of R near G with 14.57 percent of crossing over be-
tween G and Pg1 • 
7. Data presented show no linkage between gml and r or c. 
8. There is some evidence of linkage between gml and G but 
not sufficient to be conclusive. 
9. Data on gml and Pr showed no linkage of these two factors. 
10. Rather extensive data on Rand Pr showed conclusivelY 
that there is no linkage between these two factors as reported by 
Hayes and Brewbaker (8). 
11. Some data are also presented which show that there is 
no linkage between Pr and G. 
12. Linkage data on Rand G show a crossover percentage 
of about 20 which checks with data previously reported by Lind-
strom (9 and 10). 
13. The percentage of crossing over between Rand Pg1 was 
found to be 23.39 which checks with Brunson's (3) data on these 
two factors. 
The Inheritance of Germless Seeds in Maize 
By JOHN B. WENTZ 
In connection with the corn breeding program at the Iowa 
Agricultural Experiment Station, some of the abnormalities oc-
curring in the breeding stocks have belm studied with reference 
to their mode of inheritance and effect upon the economic value 
of the plant. The character, germless seeds, has been found 
commonly to occur in our commercial and self-fertilized strains 
of corn, and, beginning in 1923 and continuing to the present 
time, has been studied at this experiment station. It is one of 
the many interesting characters which are commonly observed 
when our commercial varieties are self-pollinated. The work 
reported here is the result of an attempt to secure information 
on the occurrence, nature of inheritance and linkage relations 
of germless seeds in maize. 
NOMENCLATURE 
The genetic factors referred to in this paper, together with 
their symbols, are as follows: 
Aa-One of the pairs of factors which determine the color of 
aleurone. 
Cc--One of the pairs of factors which determine the color of 
aleurone. 
Gg-A pair of factors the recessive of which determines golden 
plants. 
Gm1gIDI-A pair of factors the recessive of which determines 
germless seeds. 
Gm2gID.:,-A second pair of factors the recessive of which deter-
mines germless seeds. 
Pg1 Pgl-A pair of factors the recessive of which determines 
pale green seedlings. 
Prpr-One of the pairs of factors which determine the color of 
aleurone. 
Rr-One of the pairs of factors which determine the color of 
aleurone. 
348 
DESCRIPTION OF GERMLESS SEEDS 
The germless seeds are easily identified by the sunken and 
often wrinkled area on the germinal side directly over the posi-
tion where the germ normally is located. One of the most charac-
teristic features about the germless seeds is the lack of a sharp 
margin around the germinal area. 
The endosperm generally is perfectly normal in size and shape, 
and the germless seeds ordinarily cannot be distinguished by 
the appearance of the abgerminal side. The germ in a high 
percentage of cases is entirely lacking and there often is a vacant 
cavity where the germ would be in a normal seed. Figure 1 
shows normal and germless seeds in the dry state and also after 
they have been soaked for 24 hours. 
OCCURRENCE OF GERMLESS SEEDS 
Demerec (5) reported that in addition to the data secured 
from his genetic material, Prof. R. G. Wiggans had observed in 
his inbred lines at the Cornell Station germless seeds in 13 
strains, of which some were important commercial varieties. 
Manglesdorf (11) describes his de4 as being a germless defec-
tive seed type which is inherited and also describes germless 
seeds which he thinks are not inherited but are due to irregulari-
ties in the fertilization process. 
Goodsell (7) self-pQllinated approximately 50 cars in each of 
19 strains of corn which were entered in the Iowa corn yield 
test in 1925 and 1926 and made a study of the numbers and 
types of defectives appearing. Of the 19 strains 15 showed 
germless seeds in the selfed cars. The percentage of ears in the 
different strains ' segregating for germless seeds ranged from 
1.63 to 9.52. 
In the present study self-pollinated ears were secured from 
a number of sources and the following progenies examined for 
germless seeds. In all, germless seeds were observed in selfed 
ears from 23 different named varieties. 
NArpURE OF INIIERITANCE 
Demerec (5) secured 3 to 1, 15 to 1, 63 to 1 and 9 to 7 ratios 
and concluded that the germless phenotype was due to at least 
four different factors, three of which were triplicate genes and the 
fourth an independent factor. He presents data froIl). Professor 
Wiggans' material showing 3 to 1, 15 to 1 and 63 to 1 ratios. 
Manglesdorf (11) does not give any inheritance data on his 
de4 but classifies it among the inherited seed defects. 
Data secured in the present study indicate that the inheritance 
of germless seeds is more complex than reported by Demerec 
(5 ). In the early stages ofthe study it was decided that the most 
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Fig. 1. Normal and germ less seeds. a. Germinal side of normal seeds, h. germ-
inal side of germless seeds, c. abgerminal side of normal seeds. d. abgerminal side 
of germ less seeds, €. longitudinal section of normal seeds, f. longitudinal section of 
germ less seeds. g. longitudinal section of normal seeds which have been soaked 24 
hout's, h. longitudinal section of gel'mless seeds which have been soaked 24 hours. 
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.8 378 
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satisfactory way to find the relationships between the determin-
,ing genes would be to isolate the simple factors and then inter-
cross them. Consequently, many ears from varying sources, 
showing approximately the simple 3 to 1 ratio, were selected and 
planted and plants in each progeny self-pollinated to determine 
which of the selected ears were really segregating for a single 
pair of factors. The selected ears segregating for a single 
pair of factors would give only 3 to 1 ratios in the progeny ears. 
From 52 originally selected ears tested thru one or more genera-
tions in the years 1923 to 1927, inclusive, only two lines seem 
to have been reduced to a single pair of segregating factors 
for the germless character, and these two strains, as will be shown 
later, are not entirely free of factors which affect the normal 
to germless ratios. 
In table I are presented data on the 52 parental ears and 
their progenies, the data on nine ears which showed percentages 
of germless seeds ranging from .3 of 1 percent to 11.6 and on 
one ear that showed 75.5 percent of germless seeds. The ears 
ranging from 19.7 to 30.7 percent of germless seeds constitute 
the 52 ears mentioned as showing approximately 3 to 1 ratios. 
Table I shows great variation in the progenies obtained from 
different ears with approximately the same percentages of germ-
less seeds. It would be expected that many of the parental ears 
showing approximately 3 to 1 ratios might not prove to be segre-
gating for a single pair of factors, but the apparent absolute 
absence of progenies showing any predominance of ears falling 
near the 25-percent class is surprising and indicates a rather 
complex situation. The two ears in the table indicated by (1) 
and (2), respectively, were among those tested in later genera-
tions, and they are the parents of two strains which seem to have 
been reduced to more simple conditions. These two strains were 
selected for an intensive study of the inheritance and the link-
age relations of the germless factors. 
The (2) strain was received from Dr. M. Demerec and grown 
for the first time in the summer of 1925, while the (1) strain 
was supplied by Dr. M. T. Jenkins and grown for the first time 
in the summer of 1923. The (2) strain came from some of Dr. 
Demerec's genetic material and the (1) strain came from a self· 
pollinated ear of the variety known in Iowa as Osterland's Yel-
low Dent. As will be mentioned later, Demerec (6) has reported 
some data on the (2) strain designating the pair of germless 
factors involved by the symbol Gm2 gm2 • Demerec's symbolism 
will be retained in this paper and the factor pair involved in the 
(1) strain, assuming that it is not Gm2gm2 , 'will be designated as 
Gm,gm, . 
The data on the nine ears showing percentages of germless 
seeds ranging from .3 of 1 percent to 11.6 were included in the 
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table to see if any relation existed between the percentages of 
germless seeds in such ears and their progenies. As already 
mentioned, Manglesdorf reported what he considered non-inherit-
ed germless seeds in some of his lines. All thru the present in-
vestigation the occurrence of a few germless seeds has been ob-
served in certain strains. It has been observed, however, that, 
as shown in table I, there seems to be quite a consistent relation 
in these strains between the percentages of the germless seeds in 
parental and progeny ears. 
INHERITANCE DATA ON gm2 
Table II shows the ratios of normal to germless seeds in the 
original ear (D1506-14) received from Dr. Demerec and in segre-
gating self-pollinated ears thu three generations. It will be ob-
served that these ratios fit very closely the 3 to 1 ratio expected 
when there is segregation of a single factor pair. In only one 
ear is the deviation from theory more than three times the prob-
able error. Most of the deviations are comparatively small and 
almost equally divided between plus and minus deviations. In 
TABLE II. RATIOS O'F NORMAL TO GERMLESS 2 S,EEIDS IN THE ORIGINAL 
SELFED STRAIN. 
Pedigree no. 
I I '1 L Deviation from 3 to 1 ratio 
I Normal Germ- Total I I I Dev. 
I less I Deviation I P E I~ 
D 1506-14 94 
I 
30 124 
I 
- 1.00 I 3.25 I .31 
(D1506-14)458- 1 83 20 103 - 5 .75 I 2.96 I 1.94 
3 197 64 261 I - 1.25 4.72 
I 
.26 
8 115 36 151 - 1.75 3.59 .49 
9 117 48 165 6.75 3.75 1.80 
11 17 6 23 .25 1.40 . 18 
20 78 26 104 0.00 2.98 0.00 
(458-8)576- 1 156 53 209 .75 4.22 .18 
2 84 36 120 6.00 3.20 1. 87 
3 20 4 24 - 2.00 1. 43 1.40 
6 104 21 125 -10.25 3.27 3.13 
8 136 61 197 11.75 4.10 2.87 
9 224 75 299 .25 5.05 .05 
10 116 45 161 
I 
4.75 3.71 1.28 
11 5 2 7 .25 .77 .32 
13 94 30 124 - 1.00 3.25 .31 
17 76 21 97 I - 3.25 2.88 1.13 
18 30 10 40 I 0.00 1.85 0.00 (576-9) 608- 1 168 57 225 I .75 4.38 I 
.17 
3 150 66 216 12 . 00 4.29 2.80 
4 66 25 91 2.25 2.79 .81 
6 30 8 38 - 1.50 1.80 .83 
8 23 6 29 - 1.25 1.57 .80 
11 145 39 184 - 7.00 3.96 1.77 
13 181 44 225 -12.25 4.38 2.80 
15 155 67 222 11.50 I 4.35 2.64 Total 2664 900 3564 9.00 17.43 .52 
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the three generations shown in the table, 39 ears were self-pollm-
ated and 25 of these segregated. According tp theory there 
should have been 26 segregating ears. From the F 2-equivalent 
and progeny ratios it seems certain that the germless character 
in this self-pollinated strain of corn is controlled by a single pair 
of genes. 
Table III shows F2 ratios obtained when the original selfed 
strain carrying gm2 was crossed. with strains which were pure 
for normal seeds. In the six crosses, 96 plants were self-pollin-
ated, giving 45 segregating and 51 non-segregating ears as com-
pared to the theoretical ratio of 48. segregating to 48 non-segre-
gating. Table III shows that the good 3 to 1 ratios of the original 
strain are not recovered in the crosses. In all six crosses shown, 
there ' is a decided shortage of germless seeds. It is interesting 
to note, however, that there are some ears which show small 
deviations from the theoretical 3 to 1 ratio and that of the ears 
showing a deviation of less than two times the probable error 
there are almost as many plus as minus deviations, indicating 
that these small deviations are probably due to chance. 
The data in table III indicate that, in each of the six crosses. 
some factor or factors was introduced which affected the ratio 
of normal to germless seeds, causing decided shortages of the 
germless seeds. The small deviations in some of the crosses 
in both the plus and minus directions might mean that the factor 
causing the shortage of germless seeds was segregating as well 
as the gm2 factor. 
Such irregularities in Mendelian ratios of defective seed char-
acters in maize have been observed by a number of investigators. 
Brink and Burnham (2) and Brink (1) have shown how one 
factor (su) can affect the Mendelian ratios of a character deter-
mined by another factor (wx). Brink and Burnham advance 
the hypothesis that the cytoplasm contributed by the sporophyte 
to the microspores is different in sugary and non-sugary plants 
and that waxy gametophytes receiving sugary-type cytoplasm 
are handicapped in development. Thus, when a sugary plant 
is segregating for the Wxwx pair of factors there is a shortage 
of waxy seeds. 
Manglesdorf and Jones (12) present some very interestmg 
data showing the presence of a factor (Ga) which is linked with 
de, and su and which causes excesses or deficiencies in sugary 
or defective seeds, depending upon whether the linkage is in 
the coupling or repulsion phase. 
INHERITANCE DATA ON gm, 
Table IV shows ratios of normal to germless seeds in the origi-
nal ear (J420-2) furnished by Dr. Jenkins and in segregating 
self-pollinated progeny ears thru four generations. In the 
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TABL,E III. F2 RATIOS OF NORMAL TO GERMLESS 2 SEEDS IN CROSSES 
OF THE ORIGINAL STRAIN WITH' YORE NORMAL STRAINS. 
I I I I Deviation from 3 to 1 ratio 
Pedigree no. I Normal I Germ- I Total- I I I Dev. 
I I less I I Deviation I P E I~ 
(478-3 X 458-8 ) 542- 2 345 97 442 -13.50 6.14 I 2.20 
3 319 89 408 -13.00 5.90 2.20 
4 224 66 290 - 6 . 50 4 . 97 1.31 
6 277 34 311 -43 . 75 5.15 8.50 
8 258 99 357 9.75 5 . 52 1. 77 
13 452 117 569 - 25 . 25 
I 
6.97 3 . 62 
17 191 29 220 - 26.00 4.33 6.00 
19 234 42 276 -27 . 00 4.85 5 . 57 
20 301 69 370 -23.50 5 . 62 4.18 
22 225 51 276 -18.00 4 . 85 3 . 71 
23 367 81 448 - 31.00 I 6 . 18 I 5 . 02 
26 325 53 378 -41.50 5.68 7.31 
4a 496 38 534 -95.50 6.75 14 . 15 
9a 187 52 239 - 7 . 75 4 . 52 1.71 
lOa 157 48 205 - 3 . Z5 4 . 18 .78 
11a 375 94 469 -23.25 6 . 32 3.69 
13a 158 14 172 -29 . 00 3 . 83 7.57 
17a 323 9Z 415 - 11.75 5.96 1.97 
23a 411 99 510 -28 .50 6 . 60 4 . 32 
24a 420 72 49 2 I - 51.00 6 . 48 7.87 25a I 196 17 213 - 36. 25 4 . 26 8 .51 
________ T.::.o.::.:t:=a-=-l I 6241 I 1353 I 7594 I - 545 50 I 25 48 I 21 41 
(476-1 2 X 458-8 \ 541-4 
7 
9 
10 
11 
20 
30 
T otal 
(484-6 X 458-8 ) 543- 6 
7 
Total 
(4 88·18 X 458-3) 544-11 
15 
19 
26 
I 200 
206 
214 
144 
142 
197 
300 
1403 I 
29 9 ~ 28 0 · 
579 I 
264 
395 
286 
380 
44 I 
70 
45 
50 
38 
49 
75 
371 
47 
68 
115 
41 
37 
68 
42 
244 I - 17.00 4.56 3.73 
276 1. 00 4. 85 .21 
259 -19 . 75 4 . 70 4.20 
194 1. 50 4 . 07 .37 
180 
- 7.00 3 . 92 1. 79 
246 - 12.50 4.58 2.73 
375 - 18.75 5.66 3.31 
1774 - 72.50 12.30 5 . 89 
346 - 39. 50 5 . 43 7 . 27 
348 - 19 . 00 5 . 45 3 . 49 
694 -5850 7 69 7 61 
305 \ - 35 . 25 5.10 6.91 
432 
I 
- 71.00 6.07 11. 70 
354 -20.50 5.50 3.73 
422 - 63.50 6.00 10 . 58 
rotal I 1325 I 188 I 1513 I - 190 25 I 11 35 I 16 76 
I I 
I 
( 489-9 X 458-8 ) 545-14 246 66 312 - 12. 00 5 . 16 2.33 
15 108 
I 
43 151 5 .25 3 . 59 1.46 
18 375 118 493 - 5.25 6.48 .81 
24 255 46 301 -29 . 25 5,07 5.77 
25 221 65 286 - 6.50 4 . 94 I 1.32 
Total I 1205 338 1543 -47 . 75 11.47 4 . 16 
I (49 0-2 X 458-8 ) 546- 4 I 359 117 476 - :1.. 00 6.37 .31 
5 364 99 463 - 16 . 75 6 . Z8 2.67 
7 223 93 316 14 . 00 5 . 19 2 . 70 
13 376 119 495 - 4.75 6 . 50 . 73 
22 402 131 533 - 2 . 25 6 . 74 . 33 
24 44 3 129 572 - 14.00 6.99 2 .00 
Total 2167 688 2855 -25. 75 15 . 66 1.64 
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TABLE IV. RATIOS OF NORMAL TO GERMLESS 1 SEEDS IN THE ORIGINAL 
Pedigree no. 
J420-2/ 
(J420-2)332-10 
(332-10)413- 9 
413-12 
(413-9)450- 5 
6 
(413-12)451- 4' 
9 
11 
14 
16 
18' 
19 
20' 
21 
SELFED STRAIN. 
I I Germ-
INormal I less I Total 
I seeds I seeds I 
501 165 666 
338 95 433 
244 87 331 
134 43 177 
10 1 11 
111 47 158 
123 1 124 
9 3 12 
15 3 18 
26 8 34 
225 71 296 
236 6 242 
28 7 35 
106 80 186 
174 60 234 
I 
Deviation from 3 to 1 ratio 
I I Dev. 
I Deviation I P E I-P-E~-
- 1.50 7.54 .20 
- 13.25 6.08 2.18 
4.25 5.31 .80 
/ 
- 1.25 3 .89 .32 
- 1.75 .97 1.80 
7.50 3.67 2.04 
I 
I -30.00 3.25 9.23 0.00 1. 01 0.00 
/ 
- 1.50 1.24 1. 21 
- .50 1. 70 . 03 
- 3.00 5.02 
I 
.60 
- 54.50 4.54 12.00 
/ 
- 1.75 1. 73 1. 01 
33.50 3.98 8.42 
1.50 4.47 .34 
I I 
Total not including .. , .. I 1815 I 590 I 2405 I - 11.25 14.31 I .79 
four generations, 19 ears were self-pollinated. The ratio of 
segregating to non-segregating ears was 14 to 5 as compared 
to the theoretical ratio of 12.66 to 6.33 . It will be noted that 
three ears in the fourth generation deviate widely from the 
theoretical 3 to 1 ratio while all other ears in this and previous 
generations give ratios that fit closely the theoretical ratio. The 
small numbers of ears in the first three generations might account 
for the fact that no off-ratio ears were obtained in these genera-
tions. It is of interest that of the three off-ratio ears in the fourth 
g'eneration, one shows a plus deviation of about the same magni-
tude as the two minus deviations. 
Table V shows progenies of five of the ears from the fourth 
generation including the three ears which showed the wide devia-
tions. Note the consistent relation between the behavior of ears 
of the fourth generation and their progenies. Ears 451-4 and 
451-18 which showed wide minus deviations in the fourth gen-
eration gave ears in the next generation all exhibiting wide minus 
deviations. Ear 451-20 which showed the wide plus deviation 
in the fourth generation gave, in the next generation, six ears 
with plus deviations to one with a distinct minus deviation. Two 
parent ears, 451-16 and 451-19, which exhibited good 3 to 1 
ratios in the fourth generation gave progenies which, with the 
exception of one ear from each, showed good 3 to 1 ratios. Of 
the two exceptions, one was a wide minus deviation while the 
other was equally as great a plus deviation. 
Table VI shows F 2 ratios of normal to germless seeds when 
the strain carrying the gm, factor was crossed with strains pur(~ 
for normal seeds. In the nine crosses, 96 ears were self-pollin-
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TABLE V. RATIOS OBSERVED IN PROGENIES OF EARS FROM ROW 451 OF 
THE ORJGINAL STRAIN. 
Pedigree no. 
I I Germ- I 1_-",D",e.::vi",a""ti"",on~f.::rn",m"-,3,-to""-,l~ra",t,,,io,,--
/Norma.l l less I Total I I I Dev. 
I seeds I seeds I I Deviation I P. E. I~ 
I I I 
(451-4)571- ~ I i~g 2~ in =H:H I 
16 165 5 170 - 37.50 
18 238 6 244 -55 .00 
I I 
2.43 
4.34 
3.43 
3.81 
4.56 
________ T~o~t"'a::...l I 807 35 842 - 175.50 I 8 .47 
(451-16)572- 10 1 158 1 159 - 38.75 I 
46 I 189 55 .244 - 6.00 
114 42 156 3.00 
~~ I Hi I ;i m t~~ 
Total not including "0" ~I~ 1292 
(451-18 )573- Z I 301 I 2 
!l m I J 
Total 1146 I 30 
(451-19)574- 1 
60 
13 
15 
l~g II 
17 
3 
98 
42 
6 
303 
160 
79 
215 
51 
178 
190 
1176 
10 
196 
172 
23 
Total not including "0" ~1--51-1 205 
(451-20)575- 1 
2 
3 
5 
14 
17 
26 
I 
59 
66 
142 
138 
95 
98 
140 
22 81 
32 98 
72 214 
53 191 
5 100 
59 157 
I 100 240 
I 
I 
I 
I 
24.00 
- 73.75 
- 36.00 
- 18.75 
- 51.75 
- 10.75 
- 41.50 
-31.50 
- 264.00 
.50 
49.00 
- 1.00 
.25 
25 
1. 75 
7.50 
18.50 
5.25 
-20.00 
19.75 
40 .00 
3.68 
4.56 
3.65 
3.66 
4.36 
4.45 
4. 89 
5.08 
3.69 
2.76 
4.28 
2.09 
3.90 
4.03 
10.00 
.92 
4.09 
3. 83 
1. 40 
4 18 
2.63 
2.89 
4.27 
4.04 
2.92 
3.66 
4.52 
I 
I 
I 
I 
5.86 
12.50 
4.23 
9. 84 
12.06 
10.53 
1. 32 
. 82 
.20 
3.15 
1.12 
1. 64 
14.52 
0.76 
G.79 
12.09 
5.14 
10.64 
7.82 
26.40 
. 54 
11. 98 
.26 
.18 
06 
.67 
2.60 
4 . 33 
1.30 
6.85 
5.40 
8.85 
Total 755 I 349 I 1104 I 73.00 I 9.72 I 7.51 
ated, 53 of which segregated for germless seeds. This is a ratio 
of 53 segregating to 43 non-segregating ears as compared to the 
theoretical ratio of 48 to 48. Each one of the ears of the gm! 
strain used in the crosses was selfed. The behavior of the ear 
as selfed can be seen in table IV and its behavior in one or more 
crosses in table VI. 
The most surprising fact in table VI is the small deviations 
from the 3 to 1 ratio. Even in the cross in which 451-20 was 
used as one of the parental plants, the deviations from theory 
are small altho six out of seven are plus deviations. The only 
cross showing wide deviations is one in which 451-16 was used 
as the Gmlgml parent. Here, 4 ears out of 15 show wide minu~ 
deviations. In a second cross where 451-16 was used, the devia-
tions are reasonably small, indicating that the wide deviations 
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TABLE VI. F. RATIOS OF NORMAL TO GERM LESS 1 SEEDS IN CROSSES OF 
THE ORIGINAL STRAIN WITH PURE NORMAL STRAINS. 
I I Germ- Deviation from 3 to 1 ratio 
Pedgree no. INormal I less Total i I Dev. 
I seeds I seeds Deviation I PEl ~ 
I t 
I (476-5 X 451-16)531- 5 136 47 183 1.25 3.95 .32 7 42 19 61 3.75 2.28 1.64 
9 111 46 157 6.75 3 . 66 1. 84 
10- 239 7 246 -54.50 4.58 11.90 
11 79 34 113 5.75 3.10 1.85 
13- 120 7 127 -24.75 3.29 7.52 
14- 173 5 178 -39.50 3 . 90 10.13 
19 228 67 295 - 6.75 5.02 1.34 
27- 309 6 315 -72.75 5.18 14.04 
28 265 87 352 - 1.00 5.48 .18 
29 9 6 15 2.25 1.13 1.99 
46 465 178 643 I 17 . 25 7.41 2.33 48 317 110 427 3.25 6.04 .54 
50 179 74 253 
I 
10.75 4.65 2.31 
55 340 94 434 - '14.50 6.08 2.38 
I 
---
t' t, Total not including - 2171 762 I 2933 28.75 15.80 I 1.82 ----=:..:..:=..~~I ~I ~ I 
(478-8 X 451-14)532- 7 175 I 58 233 - .25 4.46 I 
9 311 117 I 428 10 . 00 6.04 
17 294 95 389 - 2.25 5 . 76 
20 365 141 506 14.50 6.57 
24 490 164 654 .50 7.47 
I I 
.06 
1. 66 
.39 
2.21 
.07 
_______ --"T.:..ot"'''''-l 1~1-S75T22iOl_---"2~2.:.c.5::::0_ 13.73 1----:t:64 
X 451-14)533- 7 1--7-8- 1--2-8-1~1 1.50 - 3-'0- 1-11--'5-0-(479-9 
~i j !if I U I m I =J~I Ui I :~n 
Total I 798 I 263 1061 
I 
(482-10 X 451-20)534- 1 135 58 193 
2 158 57 215 
4 145 50 195 
5 169 66 235 
9 210 78 288 
22 300 120 420 
28 209 I 66 275 
Total I 1326 495 1821 
(4114-5 X 451-16)535- 2 127 58 I 185 
4 122 43 
I 
165 
20 382 105 487 
30 160 60 220 
31 297 92 389 
_______ ..::.T"'ota:::.:..l I~I~I 1446 
(485-3 X 451-21)536- 9 
14 
16 
18 
22 
25 
27 
I 232 
309 
223 
248 
240 
166 
231 
I 
i 
I 
I 
107 339 
121 430 
69 292 
81 329 
88 328 
47 213 
76 307 
1 
I 
I 
I 
Total 1 1649 I 589 I 2238 I 
- 2 25 9 51 24 
I 
9.75 
I 
4.06 2.40 
3 .25 4.28 .76 
1.25 4.08 .31 
7.25 4 . 48 1.62 
6.00 4 .96 1. 21 
15.00 I 5.99 2 .50 - 2.75 4. 84 .57 
39 . 75 12 . 46 3 . 19 
11 . 75 3 . 97 2.96 
1. 75 3.75 .47 
-16.75 6 . 45 2.60 
5.00 4.33 1.15 
- 5 .25 5.76 .91 
- 3 50 .. 11 08 32 
I I 22.25 I 5.38 4 . 14 13.50 6.06 I 2.23 - 4.00 4 . 99 I .80 
- 1.25 
I 
5.30 
I 
.24 
6.00 5.29 1.13 
- 6.25 4.26 1. 47 
-
.75 5 . 12 . 15 
29.50 I 13.81 I 2.14 
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TABLE VI-CONTINUED. 
(488-1 X 461-19)538- 3 282 103 385 6.7.6 
I 
5.73 I 1.18 
5 445 145 690 - 2.50 7.09 I .36 10 375 113 488 - 9.00 6.45 1.40 27 398 131 529 - 1.25 6 . 72 .19 
I I 
Total I 1600 I 492 1992 6.00 13.07 .46 
(489-8 X 451-21)539- ~ I 136 
I 
67 
I 
203 
I 
16.25 4.16 3.91 
214 95 309 17.75 6.13 3.46 
10 335 89 424 -17.00 6.01 2.83 
Total I 685 I 251 I 936 I 17.00 8.94 1.90 
.... (492-2 X 461-14) 540- ! I 445 I 163 I 608 I 11.00 7.20 1.63 249 84 333 .76 5.33 .14 
Total I 694 247 941 11.76 8.96 Ull 
in the first cross were due to some factor brought into the cross 
from the Gm1Gm1 parent. Apparently this is the only one of 
the nine crosses in which factors were introduced by the Gm1Gm1 
parent which modified the normal to germless ratios. This is 
especially interesting since five of the Gm1Gm1 parental strains 
used in these crosses were the same as used in the Gm2Gm2 x 
Gm2gm2 crosses (Table III) in which factors were introduced 
which caused wide deviation in the ratios of normal to germless 
seeds. The factor or factors causing the wide deviations from 
the 3 to 1 ratio in the Gm2gm2 x Gm2 Gm2 crosses must be dif-
ferent from the factor or factors causing the deviations in the 
one Gm1gm1 x Gm1 Gm1 cross (476-5 x 451-16). Or, it may be 
possible that, by chance, only one out of the nine crosses hap-
pened to receive such a factor or factors. This seems hardly 
probable, however, since everyone of the Gmigm2 x Gm2Gm2 
crosses was affected. 
RELATION BETWEEN gill. AND gill, 
In order to determine if two distinct genes are involved in the 
two strains segregating for germless seeds, the two strains were 
crossed several times. It so happened that the gm2 strain was 
pure for purple aleurone color, while the gml strain had color-
less aleurone. This made it possible, by the use of pollen mix-
tures, to produce and distinguish both crossed and selfed seeds 
on the same ear in the gml strain. Thus it was possible to cross 
plants of the two strains and, at the same time, self both parental 
plants. 
Table VII shows the results of these crosses. Three crosses 
were obtained in which both parental plants were segregating 
for germless seeds and four more crosses in which it was known 
that at least one parental plant was segregating. In no case 
were there any germless seeds among those resulting from cross-
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TABLE VII. CROSSES OF GERM LESS 2 X GERMLESS 1. 
! I Germ- I I Deviation from 3 to 1 ratio 
Pedigree no. I Normal I less I Total I I Dev . 
---
I seeds I I Deviation P . E. I P. E. 
451-11 X 458- 8 I ALL 
1 
451-11 15 3 18 - 1.50 1.Z4 1. 21 
458- 8 115 36 151 - 1.75 3.59 .49 
607-1 X 608- 4 ALL I· 608- 4 66 25 91 2 .25 2.79 .81 
607 -2 X 608- 6 ALL 
607- 2 4 1 5 
-
.25 .65 . 38 
608- 6 30 8 38 - 1.50 1.80 .83 
607-3 X 608- 3 1 ALL 
608- 3 150 66 216 12.00 4.29 2 . 80 
607-12 X 608-11 1 ALL 
607-12 6 3 9 .75 .88 .85 
608-11 145 39 184 - 7.00 3.96 1. 77 
I 
607-20 X 608- 7 ALL 
607-20 17 3 20 - 2.00 1. 31 1. 53 
607 -23 X 608-13 ALL 
608-13 181 44 225 - 12.25 4.38 2.80 
pollination. This is good evidence that a different gene is en-
volved in the production of germless seeds in each of the two 
strains. 
F2 data from one of these crosses are shown in table VIII. 
Only 6 segregating ears were secured out of 15 self-pollinated 
and none of these show a good 9 to 7 ratio . Since the cross was 
Gmlgml Gm2Gm2 x GmlGml Gm2gm2, the theoretical numbers 
of segregating and non-segregating ears is 3.75 non-segregating 
to 7.50 segregating in a 3 to 1 ratio, to 3.75 segregating in a 9 
to 7 ratio. This is a total of 11.25 segregating to 3.75 non-segre-
gating ears. The ratio actually obtained was six segregating 
to nine non-segregating, with no good 9 to 7 ratios of normal to 
germless seeds on the ears. The chances are good that each of 
the strains would introduce factors which would affect the be-
havior of the germless gene, or the gametes carrying the gene, 
in the other strain so that it is doubtful if conclusive F ? data can 
be secured. In this case, it will be necessary to be sati-sned with 
the data from the immediate crosses until further evidence is 
furnished in the form of linkage relations. Linkage data are 
presented later which show that gm2 is linked with R while gml 
is independent of R. This difference in linkage relations, added 
TABLE VIII. F2 DATA FROM A CROSS OF GERMLESS 2 X GERMLESS 1 
Pedigree no. I NOl'lnal I Germless I I Percentage of seeds I seeds Total I germ less seeds 
I I 
(451-11 X 458-8) 578-12 i 78 I 31 109 28.44 
13 402 I 101 503 20.08 18 258 63 321 19.63 26 46 14 60 23.23 28 447 
\ 
100 547 18.28 
31 426 89 515 17.28 
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to the fact that no germless seeds were secured when the two 
strains were crossed, constitutes good evidence that the germ-
less seeds in the two different strains are due to different genes. 
LINIrAGE RELATIONS OF gm2 
In order to determine more conclusively whether gmt and gill, 
are distinct genetic factors located at different points on the 
chromosomes, each was crossed with linkage testers and the sub-
sequent progenies studied in an attempt to obtain indications 
of the relative positions of the assumed factors . After a report 
by Demerec (6), in 1926, that gm2 was linked with R, efforts 
were directed largely upon determining linkage relations of the 
germless factors with factors located in the same linkage group 
as R. 
LINKAGE RELATION WITH R 
Since the gm2 strain had pure purple aleurone color, the link-
age relation between gm" and R could be secured from the F 2 
generation of a cross of the gm2 strain (AA CC RR Gmzgmz) 
and an R tester pure for normal seeds (AA CC 1'1' Gm2 Gm2). 
The crosses actually made were AA CC Rr Gm2Gill 2 x AA CC 
RR Gm2gm2 • From these crosses selfed ears were obtained which 
segregated for the two factor pairs, Rr and Gm2gm2. Table IX 
shows the linkage data obtained from the F2 generations of three 
crosses (478-3 x 458-8, 588-5 x 576-8a and 588-1 x 576-7a) 
together with some F 3 data. The F 3 data were obtained with the 
hope that some ears would be found showing the coupling phase. 
This, however', was not realized but the F 3 data are included in 
the table with the F2 data. 
The percentages of crossing over in table IX were determined 
by first calculating Yule's coefficient of association and then 
determining the corresponding cross-over percentages from tables 
published by Owen (13). Table IX discloses that the numbers 
of germless seeds are far too low for good 3 to 1 ratios, and that 
the numbers of colorless seeds are a little high. The deviations 
from the 3 to 1 ratio of normal to germless seeds have already 
been discussed. The deviations from the 3 to 1 ratio of colored 
to colorless seeds cannot be accounted for in any other way than 
that some seeds were classified as colorless which should have 
been classified as colored. This could easily have been the case 
since many of the seeds which were classified as purple had very 
little purple color. It is probable that the purple color was not 
sufficiently developed in some of the seeds to make accurate 
classification possible. According to Collins (4) and Owen (13) 
the best method of expressing the linkage relation of two factors 
in material where both observed 3 to 1 ratios deviate appreciably 
from theory is by the use of Yule's coefficient of association. 
The cross-over percentages in the different progenies in table 
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TABLE IX. LINKAGE RELATION OF THE gm, AND R FACTORS IN THE 
CROSS AA CC Rr Gm,Gm, X AA CC RR Gm,gm,. 
(478·3 
(588-5 
Pedigree no. I I I I I I I ROm, I rGm, I Rgm, rgm. I Total I 
I I I I I 
X 458-8)542- 6 211 66 34 I 0 311 
17 137 54 29 
I 
0 220 
19 157 77 37 5 276 
26 215 110 51 2 378 
4a 348 148 37 1 534 
13a 104 54 13 
I 
1 In 
24a 305 115 65 7 492 
25a 127 69 17 0 213 
Value 
of Q 
........... 
.... __ ...... 
---------... 
._--_ ... _--. 
-_ .. .. _-- .. 
............ 
---------. 
... -........ 
I Percentage 
I crossing 
lover 
-_._--_ .. ... 
....... -.-_ . 
. ........... 
.-.......... 
............ 
............ 
I .... -_ ... ---........ ----
Total I 1604 I 693 I 283 I 16 I 2596 I - 7686 I 23 79 
I I 
I I 
I (452-6) 600- 2 174 68 33 I 2 277 
I 
-.7315 25.60 
(452-17)601- 1 247 I 108 17 I 0 372 .... __ ...... I . ....... -_ .. 
3 241 
I 
85 I 77 I 3 406 ........ -... I ........ --_ . 5 208 94 I 67 5 374 I --.--.---. ---- _._---. 10 231 97 30 I 1 359 ------- ---- I .-.. ---_ .... 
Total I 927 I 384 I 191 I 9 I 1511 I - 7957 I 22 37 
, I I I I (452-26) 602- 1 I 312 110 37 I 1 460 ..... --.. -.. I . ........... 3 230 80 1M I 1 329 ............ .... -- .. _-_ . 
5 148 57 25 I 3 233 .... ---.---. . ........... 7 35 20 8 0 63 ............ ............ 
9 202 98 14 
f 
0 314 . -.......... ............ 
10 12 7 6 1 26 .. -.... -.... ........... -
12 220 94 8 0 322 --_ ......... ........ --_. 
13 177 67 32 0 276 . -.... --.--. ........ -_ .. 
14 308 118 42 0 468 ............ .... ........ 
15 265 89 16 I 0 370 ...........• •........... 16 238 68 4 0 310 •........... . ........... 
Total I 2147 808 210 6 I 3171 -.8589 18.64 
X 576-8a) 603-2 I 271 140 48 5 I 464 3 125 44 11 0 180 
Total 396 184 59 5 I 644 -.6915 27.41 
I (588-1 X 576-7a) 604-1 219 95 50 7 371 
3 217 103 53 8 381 
7 175 96 53 9 333 
8 242 115 58 9 424 
24 135 50 22 0 207 
33 197 109 36 2 344 
37 198 116 73 8 395 
44 245 126 61 9 441 
Total I 16~8 I 810 I 406 52 I 2896 - .5906 31.53 
Grand total I 6876 I 2947 I 1182 90 111095 -. 6983 27.11 
IX vary from 18.64 to 31.53 with a cross-over percentage of 
27.11 based on a grand total of data from all progenies. Demerec 
(6) reported 31 percent of crossing over between gm2 and R in 
his material. 
LINKAGE RELATION WITH G 
The R tester used in the cross to determine linkage of gm2 and 
R was pure for golden plants (g) so that the linkage between 
gm2 and G could be determined from this cross. The cross, then, 
from the standpoint of the gm2 and G factors was gg Gm2Gm2 x 
GG Gm2gm2. All F 1 ears from this cross which were segregating 
for the Gm2gm2 pair of factors could be used as a source of 
material since they were all hybrid for the Gg pair of factors. 
Normal seeds were planted from the ears which were segregating 
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for germless seeds and the numbers of golden plants noted. With 
no linkage between gm2 and G, the normal seeds from the ears 
segregating for germless should give, when planted, three normal 
green plants to one golden plant. In case of linkage of the two 
factors, there should be an excess of golden plants. 
Table X shows the F 2 ratios of normal green to golden 
plants obtained by planting normal seeds from ears that were 
segregating for germless seeds. All counts on normal and golden 
plants were made in the greenhouse. The seeds were . planted 
approximately 2 inches apart in rows 3 inches apart in fiats 
of fertile, composted soil. Differences between normal and 
golden plants could be observed when the seedlings were only a 
few inches tall, but classification was much easier after the plants 
were a foot or more in height. Under the greenhouse condition::. 
this required three or four weeks time from the date of planting. 
Classification was very easy in the greenhouse plants and much 
more satisfactorily done than in the field. Large numbers could 
be grown in a short time, germination was good and it is thought 
that the goiden plants were not at the disadvantage they would 
have been in the field. 
In table X it is seen that the ratios of normal to golden plants, 
with one exception, (542-13), fit reasonably close to the 3 to 1 
ratio which would be expected on the assumption of independent 
inheritance of gm2 and G. It is obvious that ear 13 is not show-
ing a normal behavior as compared to the other ears. This one 
ear shows a wide plus deviation from theory, while the general 
tendency in other ears is for a slight shortage of golden plants. 
The only explanation that can be offered for this one wide devia-
TABLE x. F. RATIOS OF NORMAL TO GOLDEN PLANTS GROWN FRlO'M NOR-
MAL SEED FROM EARS SEGREGATING FOR gm. , IN THE CROSS gg 
Gm2Gm2 X GG Gm,gm •. 
I ! i 
Pedig ree no. 1 Norma l I Golden I 
________ ---TI plants ' plants I Total 
(4 78-3 X 458-8)542- ! \ 
6 I 
8 
13' 
17 
, 
I 
I 
19 
20 
22 
23 
26 
4a 
% 
lOa 
11a 
13a 
17a 
23a 
24a 
25a 
233 
181 
137 
58 
137 
250 
64 
74 
179 
148 
2 11 
65 
126 
108 
69 
235 
58 
146 
133 
131 
67 
Total I 2810 
Total n ot including ..... I 2560 
I 
I 
I 
I 
I 
60 293 
62 243 
47 184 
20 78 
49 186 
125 37 5 
21 85 
18 92 
53 232 
38 186 
55 266 
19 84 
26 152 
23 131 
23 92 
57 29 2 
20 78 
48 194 
50 183 
40 171 
19 86 
873 3683 
748 3308 
I Deviation from 3 to 1 ratio 
I I I Dev. 
I Deviation I P E Tl'E 
- 13 . 25 I 
I 
5 .00 
I 
2 . 65 
1. 25 4 .55 .27 
1. 00 3. 96 . 25 
. 50 2.58 .19 
2. 50 3.98 
\ 
. 63 
31. 25 5. 66 5 .52 
- . 25 2 .69 .09 
- 5. 00 2.80 1.79 
- 5.00 4.45 1.12 
- 8.50 3. 98 2. 14 
- 11. 50 4 . 76 2.4 2 
- 2. 00 2. 68 . 75 
- 12 .00 3. 60 3.33 
- 9 . 7 5 3.34 2. 9 2 
0.00 2.80 0.00 
- 16.00 4 . 99 3. 21 
.50 2 . 58 .19 
- .50 4 . 07 . 12 
4. 25 3. 9 5 1.08 
- 2. 75 3.82 . 72 
- 2.50 2. 71 .92 
-47 . 75 17 . 75 2. 69 
- 79 .00 16 .82 4 . 70 
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tion is that there was some error either in classification or in the 
greenhouse records. Including the data from this questionable 
ear in the total, th,ere is a slight shortage of golden plants 
amounting to a deviation from theory 2.69 times the probable 
error. Excluding the data from the questionable ear the devia-
tion is 4.70 times the probable error. 
Due to the fact that the gm2 parent used in the cross was 
necessarily hybrid for the Gm2gm2 pair of factors, about half of 
the F 1 ears were not segregating for the Gm2gm2 pair of factors. 
This made it possible to plant seed from ears, from the cross, 
which were not 'segregating for germless seeds to see what the 
ratio of normal to golden plants would be as compared to the 
ratios obtained by planting normal seeds from ears segregating 
for germless seeds. This was done and the data are shown in 
table XI. It will be seen that the ratios run about the same as 
in table X. This shows that the presence of the gm2 factor had 
little or no effect upon the ratios of normal to golden plants, 
indicating that gm2 and G are inherited independently of each 
other. 
It has previously been shown in this paper that the gm2 and 
R factors are linked and Lindstrom (9 and 10 ) has shown that. 
Rand g are linked. Assuming these two linkages, gm2 and G 
should show linkage unless the two factors are far enough apart 
on the chromosome so that there is as much as 50 percent of cross-
ing over between them. The cross-over percentage shown in this 
paper for gm2 and R is 27.11 and the cross-over percentage shown 
TABLE Xl. RATIOS OF NORMAL TO GOLDEN PLANTS. IN THE SAME CROSS 
AS SHOWN IN TABLE X BUT FROM EARS NOT SEGREGATING FOR THE 
gm, FACTOR. 
I I Deviation from 3 to 1 ratio 
INormal 1 Golden I 
Deviaticn \ P . E. 
I 
Pedig ree no. I plants I plants I Total I Dev. 
I I I I ~
(478-3 X 458-8)542- 1 I 71 28 I 99 3.25 
I 
2 . 91 I 1.12 
9 71 28 99 3.25 2.9 1 
I 
1.12 
10 110 46 156 7.00 3. 65 1.92 
11 222 62 284 - 9.00 4.92 1. 83 
12 173 56 229 - 1.25 4.42 .28 
15 172 48 220 - 7.00 4.33 1. 62 
16 75 20 95 - 3.75 2.85 1. 32 
18 74 22 96 - 2.00 2.86 .70 
24 70 24 94 .50 2.83 . 18 
25 299 88 387 - 8.75 5.75 1. 52 
27 152 47 199 - 2.75 4.12 .67 
28 143 42 185 - 4.25 3 . 97 1. 07 
1a 294 89 383 - 6.75 5.72 1.18 
3a 108 39 147 2 . 25 3.54 .64 
5a 179 56 235 - 2.75 4 . 48 .61 
6a 224 68 292 - 5.00 4.99 1.00 
7a 18 1 59 240 - 1.00 4.52 .22 
8" 128 31 159 - 8. 75 3.68 . 8 3 
12a 222 58 28 0 - 12.00 4 .89 2.45 
14" 75 24 99 - .75 2.9 1 .26 
19a I 273 78 35 1 - 9.75 5.47 1. 78 
21a 111 32 143 - 3.70 3.49 1.07 
Total I 3427 1045 4472 ~73.00 19.54 3.74 
, 
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by Lindstrom (9 and 10) between Rand g is 20 in one case and 
23 in another. Assuming that gm2 and G lie on opposite sides of 
R, this would put the two factors f!}r enough apart so that 
any linkage relation would not be evident in F 2 data. It will be 
assumed, then, for the present, that gm2 and G lie on opposite 
sides of R and since Lindstrom (9 and 10) has shown that G 
lies to the right of R, gm2 must be to the left of R. 
LINKAGE RELATION WITH Pg1 
Brunson (3) has presented data to show that pale green (pgJ 
is linked with R, with 23.3 percent of crossing over, and he had 
some evidence that the pg] factor is to the left of R. Assuming, 
then, that gm2 is to the left of R with 27.11 percent of crossing 
over and that pgl is to the left of R with 23.3 percent of crossing 
over, there should be close linkage between gm2 and pgl' With 
these facts in mind some pg] material was obtained from Dr. 
Brunson and crossed with plants segregating for Gm2gmz in 
the greenhouse in the winter of 1926-1927. The Fl plants were 
grown and self-pollinated in the summer of 1927 and counts for 
normal and germless seeds and normal and pale green seedlings 
were made during the past winter. The crosses made were of the 
genetic constitution Pg1Pgl Gm2Gm2 x Pg1Pg1 Gm2gm". From 
this cross ears were obtained which were segregating for both 
the Gm2gm2 and Pg1Pgl pairs of factors, as well as some ears that 
were segregating for only one of each of the two pairs and some 
which were not segregating for either of the two pairs of factors. 
By planting noi'mal seeds from ears segregating for germless 
seeds, one could get data, from the ears that were segregating for 
pale green seedlings, on the linkage relation of gm2 and PgJ • 
Table XII shows the ratios of normal to pale green seedlings 
secured when normal seeds were planted from ears segregating 
for germless seeds. With linkage between gm2 and Pg1 there 
should be an excess of pale green seedlings in this material. 
Table XII disclos.es no such excess of pale green seedlings, but 
instead a slight shortage. For comparison, seed was planted 
TABLE XII. F, RATLOS OF NORMAL TO PALE GREEN SEEDLINGS GROWN 
FROM NORMAL SEED FROM EARS SEGREGATING FOR gm2. IN THE CROSS 
Pg,Pg, Gm,Gm, X Pg,Pg] Gm,gm, . 
Pale ; I 
\ Normal I green i ! Deviation from 3 to 1 ratio 
Pedig ree no. seed- I seed- ; Total I I I Dev. 
I lings I lingR I I Deviation 1 P. E. P.E. 
I I I I (588-5 X 576-8a)603- 3 I 60 I 18 I 78 - 1.50 2.58 .58 (588 -1 X 576-7a)604- 7 I 154 I 39 
I 
193 - 9.25 4.06 2.28 
8 220 68 288 - 4.00 4 .96 .81 
24 
I 
115 
I 
37 152 - 1.00 3.60 .28 
33 141 44 185 - 2.25 3.97 .57 
37 145 49 194 .50 4.07 . 12 
Total 835 255 1090 17.50 9.65 1. 8 1 
366 
TABLE XIII. RATIO OF NORMAL TO PALE GREEN SEEDLINGS IN THE SAME 
CROSS AS SHOWN IN TABLE XII BUT FROM EARS NOT SEGREGATING 
F'OR THE gm, FACTOR. 
Pedigree no. I I Pale I I Deviation from 3 to 1 ratio Normal green ~d- s~ed- Total I I Dev. 
hnR"s hngs Deviation P E I~ 
I ! I I (588-1 X 576-7a)604- 2 I 319 80 399 -19 .75 5.83 3.39 9 231 68 299 - 6.75 5.05 1.34 
10 228 71 299 - 3 .75 5.05 .74 
32 221 75 296 1.00 5.02 .20 
34 226 72 298 - 2.50 5.04 .50 
43 156 44 200 - 6.00 4.13 1.45 
47 227 65 292 - 8.00 4.99 1.60 
50 I 260 86 346 - .50 5.43 .09 51 229 70 299 - 4 . 75 5.05 .94 
Total I 2097 I 631 I 2728 I -51.00 I 15.28 I 3.34 
from the ears not segregating for germless seeds. Table XIII 
shows the ratios of normal to pale green seedlings in these ears. 
Note that here again there is a slight shortage of pale green seed-
lings. The shortage runs somewhat larger in these ears, indicat-
ing that iPossibly the numbers of pale green seedlings are run-
ning a little higher in the ears segregating for germless seeds. 
The difference is not great enough, however, to say definitely 
that the presence of the gm2 factor has had any effect. If gm" 
and Pg1 are on the same chromosome, they must be far enough 
apart so that their linkage relations cannot be detected in the 
F 2 generation counts. These results were unexpected on the 
basis of previous assumptions as to the relative positions of gm2' 
R, g and pgl. 
Fortunately, it so happened that the pale green material 
furnished by Dr. Brunson was segregating for golden plants (g). 
This afforded an opportunity to secure linkage data on pgl and 
g in the coupling phase from the ears which were not segregating 
for germless seeds but were segregating for both pale green and 
golden seedlings. A few such ears were found and the data from 
these are presented in table XIV. While these data are not 
extensive, they are on the coupling phase of the linkage and all 
four classes could be easily distinguished. The four different 
classes were compared to Ridgway's Color Standards and were 
determined to be of the following colors: 
Pg1 G Light elm green, XVII 
pgl G Clear dull greeu, XVII 
Pg1 g Light bice green, XVII 
pgl g Reed yellow, XXX 
The seedlings were grown in the greenhouse during the last 
week of January and the first 10 days of February. There was 
the usual slight shortage of both pale green and golden seedlings 
but the deviations from the theoretical 3 to 1 ratio were not su 
great but that Emerson 's formulae might be used to calculate 
gametic ratios with fair accuracy. Using these formulae the 
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TABLE XIV. LINKAGE . RELATION OF THE pgt ANID 
CROSS PgtPgt Gg X Pg,Pg, GG. 
Pedigree no. I PgtG pgtG Pg1g 
1 (588-1 X 567-7a)604-10 I 211 19 17 
47 I 207 20 21 51 210 20 19 
Total I 628 59 57 
2: FACTORS IN THE 
1 pg,g I Total 
52 I 299 44 292 50 299 
146 890 
gametic ratio was found to be 6.13 to 1. This gametic ratio 
is equivalent to a cross-over percentage of 14.03. For compar-
ison, the percentage of crossing over was determined by Yule's 
coefficient of association and Owen's tables of equivalent cross-
over percentages. The percentage of crossing over as determined 
by this method was 14.57. Table XV shows the observed and ex-
pected numbers in each of the four classes calculated on the 
basis of a gametic ratio of 6.13 to 1. The value of P indicates 
a fairly good fit. 
TABLE xv. THE F , NUMBERS OBSERVED lN THE CROSS Pg1pg, Gg X Pg,PgJ 
GG COMPARED TO THE NUMBERS EXPECTED, ASSUMING A GAMETIC 
RATIO 6.13:1. 
I: 
~""~;-~-~r-c"'te-e~-:---:-:::-:::-:::-:::-::-: :-::-:-:::-:::-:: I----;~"'~O;-~ .-4-6 -;----;~;o:~-. 0-4- ~~. 04 
+ 18 .54 + .96 1.04 
X " - 3.489690 P _ . 347114 
146 
164 . 46 
- 21.54 
With a cross-over percentage of 14.03 between pgl and g, 
pgl cannot be to the left of R but must be near g and, thus, to 
the right of R. This will account for the fact that gm2 is not 
closely linked with either G or Pg1 . The factor gm2 must be to 
the left of R and both g and pgl to the right of R. This would 
put the four factors in the relative positions shown in fig. 2. 
In fig. 2 the 20 percent of crossing over between Rand g as 
determined by Lindstrom is used rather than the 23 percent 
which was reported later by the same author. The reason for 
using this figure is that data are reported later in the present 
paper which show 20 percent of crossing over between these two 
factors which checks exactly with Lindstrom's earlier figure. 
Using 20 as the percentage of crossing over between Rand g, 
the total of the figures 20 and 14, representing the cross-over per-
centages between Rand g, and g. and pgll respectively, is a little 
high. Adding 5.6 (twice 2.8, the calculated percentage of double 
crossing over between Rand pgl) to 23 gives a distance between 
Rand pgl of 28.6 as compared to 34 obtained by adding 20 and 
~~lm_~ ____ =2~7 ______ 1~ __ =2=O __ ~~~~/+~~1·~ 
23 
Fig. 2. Relative positions of the factors gm " R , g and pg , on chromosome II. 
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14. This is a differen<te of 5.4 which might be accounted for by 
variations in linkage values. 
LINKAGE RELATION OF gm1 
The same R tester, pure for golden plants, which was crossed 
with the strain carrying gm2 was also crossed with the strain car-
rying gml to get linkage relations of gml with l' and G. The 
gml strain had colorless aleurone and, from its breeding behavior, 
has proven to be of the gametic constitution AA cc IT with ref-
erence to the three aleurone factors. The actual cross which was 
made, then, might be represented as AA CC Rr Gm1 Gm1 x AA 
CC IT Gm1gm1 with reference to aleurone and germless factors . 
LINKAGE RELATION WITH r 
When the above cross was made, approximately half of the 
crossed seeds were purple and half colorless, as would be ex-
pected. Only the purple seeds were planted so that the F 1 plants 
all bore ears which were segregating for both the Cc and Rr 
pairs of factors: Of these ears, 5 out of a total of 10 were se-
cured which were also segregating for the Gm1gm1 pair of fac-
tors. These five ears were, then, segregating for the two aleurone 
factors pairs, Cc and Rr, and the Gm1gm1 pair of factors. 
Tables XVI and XVII show the observed and theoretical F 0 
seed ratios secured from the five Fl ears together with equivalent 
F 3 ratios secured from F 2 ears, assuming in all cases independent 
inheritance. Table XVIII gives a summary of the two tables, 
XVI and XVII, with deviations from the theoretical numbers 
TABLE XVI. F2 AND EQUIVALENT F" RATIOS IN THE CROSS AA CC Rr Gm, 
Gm, X AA cc rr Gmj gm, FROM THE EARS SEGREGATING FOR BOTH THE 
FACTOR PAIRS Cc and Rr. 
I Normal Germ]ess 
Pedigree no. I Colored I Color less Colored Color less Total 
I I 
(47 8-8 X 451-14}532- 7 I 175 I 112 58 45 390 9 I 162 149 60 57 428 
17 I 294 I 
222 95 62 673 
20 206 159 79 62 506 
24 29 1 199 107 57 6,4 
Total observed I 1128 84 1 399 283 2651 
Theoretical 27 :21 :9:7 ratiol 1118.34 869. 82 372 .78 289 .94 2650.88 
(532-7}612- 2 153 89 43 34 319 
10 130 99 47 32 308 
13 70 60 26 22 178 
16 144 101 52 53 350 
20 147 135 46 37 365 
21 152 97 37 36 322 
25 203 137 73 57 470 
(532-17}613- ~ 74 48 21 12 155 
14 I 187 152 58 57 454 42 108 73 35 27 243 
Total observed I 1368 991 438 367 3164 
Theoretical 27 :21:9:7 ratio l 1334.88 1038.24 444.96 346.08 3164.16 
Grand total observed I 249 6 1832 837 650 5815 
Theoretical 27 :21:9:7 ratio 2453.22 1908 .06 8 17 .74 636 .02 5815 
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TABLE XVII. F.-EQUIVALENT F a RATIOS IN THE CROSS AA CC Rr Gm i 
Gm1 X AA cc rr GmigIni. FROM THE EARS SEGREGATING FOR ONLY ONE 
!OF THE FACTOR PAIRS Cc or Rr. 
Normal Germless I 
Pedigree no I Colored I Color less Colored I Color less - I Total 
(532-7)612-24 I 238 81 I 86 28 433 
27 157 56 61 19 293 
29 163 47 66 22 298 
42 249 73 109 29 460 
(532-17)613- 8 56 19 23 9 107 
11 231 72 75 20 398 
34 112 32 31 11 186 
Total obse,·ved 1206 380 451 138 2175 
Theoretical 9:3:3:1 ratio 1223 . 46 407.82 407.82 135.94 2175.04 
based on independent il}heritance and resulting values of X 2 and 
P. The values of P are all high enough to show that gmt must 
not be linked with either c or r. 
It will be remembered that gm2 in this same cross showed link-
age with R with 27.11 percent of crossing over. This is one line 
of evidence that gm2 and gml are two distinct factors causing 
germless seeds. . 
LINKAGE RELATION WITH G 
Since the R tester used in the above cross was pure for golden 
(g), all the F 1 ears should be hybrid for the Gg pair of factors 
and should show segregation in the seedlings grown from them. 
TABLE XVIII. COMPARISON OF OBSERVED AND EXPECTED RATIOS ASSUM-
ING THAT THE gmi FACTOR IS INHERITED INDEPENDENT OF THE R 
AND C FACTORS FOR ALEURONE COLOR. 
Pedigree no. 
Observed ratio 
Expected ratio 
Deviation 
X' and P 
Observed ratio 
Expected rata 
Deviation 
X ' and P 
Observed ratio 
Expected ratio 
Deviation 
X"and P 
Observed ratio 
Expected ratio 
Deviation 
X ' and P 
Normal Germless 
ColoI·ed I Colorless Colored Colorless 
Row 532, ears segregating Cc and Rr 
I 
I 
1128 841 
\ 
399 283 
1118.34 869.82 372.78 289 .94 
+9.66 - 28 . 82 +26.22 - 6.94 
X" - 3.024534 P _ .388431 
Rows 612 and 613, ears segregating 
Cc and RI· 
1368 
1334. 88 
+ 33.12 
991 
1038.24 
- 47.24 
X · - 4.344620 
Total rows. ears 
2496 1832 
2453.22 1908. 06 
+ 42.78 - 76.06 
X' - 4.538863 
438 
444.96 
- 6.96 
P _ .320563 
segregating Cc and Rr 
367 
346.08 
20.92 
837 650 
817 .74 636.02 
+19.26 +13 .98 
P - .213 146 
Rows 612 and 613. ears segregating 
Rr or Cc 
1206 
1223.46 
- 17.46 
380 
407.8 2 
- 27. 82 
X' - 6.750069 
451 
407.82 
+43. 18 
138 
135.94 
+2 .06 
P _ .08 1823 
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TABLE XIX. F 2 RATIOS OF NO'RMAL TO GOLDEN PLANTS GROWN FROM 
NORMAL SEED FROM EARS SEGREGATING FOR gm, IN THE CROSS gg 
Gm, Gm, X GG Gm, gm,. 
1 I 
I I I Touu 
I )< ormal I Golden I 
___ Pedigree no. __ I plants I plants I 
---1---
(478-8 X 451-14)532- 7 
9 
17 
20 
24 
1~~ I 226 
187 
173 
46 
72 
68 
50 
60 
I 
141 
237 
294 
237 
233 
I 
Deviation from 3: 1 ratio 
I Dev. 
I Deviation I PEl P E 
10.75 3.47 3.10 
12.75 4.50 2.83 
- 5.50 5 . 01 1.10 
- 9.25 4.50 2.06 
1.75 4.46 .39 
Total ~I 29 6 I 1142 I 10.50 I 9.87 I 1.06 
It was possible then to secure some data to determine if there is 
any linkage between gml and G. Normal ' seeds were planted 
from the ears segregating for germless seeds and counts made of 
normal and golden plants. Assuming independent inheritance, 
the normal seeds when planted should give three normal greeh 
seedlings to one golden. With linkage between gml and G there 
should be an excess of golden seedlings. Table XIX shows the 
ratios secured and deviations from the 3 to 1 ratio. It will be 
seen that there is a slight excess of golden plants, while in all 
other counts on normal and golden plants made in these studies 
there has been a tendency for slight deficiencies of golden 'plants. 
Unfortunately, most of the seed from the five ears not segre· 
gating for the Gmlgml pair of factors had been used for another 
purpose but there was some seed remaining of two of these ears. 
This seed was planted and the counts of normal and golden 
plants are shown in table XX. It will be seen that there is here 
TABLE XX. RATIOS OF NORMAL TO GOLDEN PLANTS IN THE SAME· CROSS 
AS SHOWN IN TABLE XIX BUT FROM EARS NOT SEGREGATING FOR THE 
gm, FACTOR. 
I I I lDeviation from 3 to 1 ratio 
I Normal I Golden I I I I Dev. 
Pedigree no. I plants I plants I Total I Devia tion I P. E. TP."E. 
I ( 1 ( I I (478 oX 451-14)532- 3 \ 188 46 I 234 - 12 .50 4.47 I 2.80 4 143 33 I 176 - 11.00 I 3.87 2.84 
Total 331 I 79 I 410 I -23.50 I 5.91 I 3 . 98 
the usual shortage of golden plants. This indicates that there 
might be some linkage between gml and G and when one takes 
into consideration the fact that these are repulsion data, the link. 
age might be closer than the small deviations in the F 2 generation 
would seem to indicate. It will be necessary to get coupling data 
on gml and g or test the linkage of gml with other factors in 
this linkage group in order definitely to place gml in this linkage 
group or prove that it does not belong in the group. 
LINKAGE RELATION WITH Pr 
It happened that the plant used in the cross to obtain linkage 
relations of gml with rand G was also hybrid for the Prpr pail' 
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of factors and that the gm, strain was pure for PI'. Of the five F 1 
ears which were segregating for the Gm,gm, pair of factors, two 
were also segregating for the Prpr pair. Since Hayes and Brew-
baker (8) had reported linkage between R and PI', and there was 
some indication of linkage between gm, and G in the present 
study, it was of interest to see jf there might be evidence in this 
material of linkage between gm, and PI'. With reference to the 
Prpr and Gm1gm, pairs of factors, the cross made was Prpr 
Gm,Gm, x PrPr Gm1gm, . From this cross, data could be secured 
on gm, and PI'. Table XXI shows F2 and equivalent F a data 
from this cross, assuming independent inheritance of gm, and PI'. 
It will be seen that the values of P are high, indicating that the 
theoretical ratios were not affected by any linkage between gm1 
and PI'. 
Incidentally, the data in table XXI also indicate no linkage 
in this cross between Pr and R. The two ears, 7 and 17, as can be 
seen from table XVI, were segregating for Cc and Rr. The data 
in table XXI were necessarily secured from only the colored 
seeds of these two ears. If there had been linkage between .Pr 
and R the ratios of purple to red seeds would have been affected. 
More data on this linkage relation will be presented later in this 
bulletin. 
TABLE XXI. F" AND EQUIVALENT Fa RATIOS IN THE CROSS Prpr 
Gm, Gm, X Pr Pr Gm, gm, FROM THE EARS SEGREGATING FOR BOTH 
THE 'Prpr AND Gm, gmt FACTOR PAIRS. 
-----N~ol-·m-a~l-----,I-----G~e-r-m~le-s-s----~I------
Pedigree no. Purple I Red I Purple Red I Total 
(478-8 X 451-14)532-1+ m I ~~ I ~~ ~f I 233 389 
Total observed 339 130 1 116 37 622 
Theoretical 9: 3 : 3 : 1 ratio : __ ..:3749",.",8;;.7 -+_,1=01",6.:.;. 6",3-+1--=1",16::.:.",6;;-.3 -+ __ ..:378.:.;. 8",7-+ __ .::::62:.:2=--
Deviation 10. 87 + 13 . 37 I .63 1. 87 
X2 and P 
(532-7)612-10 
13 
16 
21 
29 
42 
(532-17)613- 8 
14 
22 
31 
Total observed 
X 2 _ 1. 963765 
89 
52 
112 
127 
108 
190 
41 
139 
46 
242 
1146 
41 
18 
32 
25 
55 
8 6 
15 
48 
15 
70 
405 
Theoretical 9:3:3:1 ratio 1167 . 75 389.25 
Deviation - 21.75 + 15.75 
X" and P X2 _ 1.117532 
Grand total observed 
Theoretical 9:3:3:1 ratio I 
Deviation 
X2 and P 
1485 1 535 
1517.62 I 505. 87 
- 32.62 1 + 29.13 
X" - 2.398782 
i 
36 
17 
38 
31 
45 
59 
I 15 
, !i 
393 
P - .580699 
11 
9 
14 
6 
21 
23 
9 
13 
5 
21 
132 
177 
96 
196 
189 
229 
358 
80 
245 
82 
424 
2076 
389.25 129.75 2076 
+ 3.75 + 2.25 
509 
505. 87 
+ 3.13 
P - .774356 
169 2698 
168.62 I 2697 . 98 
+ .38 
P _ .500314 
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ADDITIONAL LINI{AGE DATA IN GROUP II 
In the process of determining linkage relations of gml and 
gm2 with factors in linkage group II, data were collected on 
linkage relations between some of the factors in this group. With 
the exception of the relation between pgl and g already discuss· 
ed, all of these linkages have been previously reported and were 
included in this study only as a check on the previous reports. 
RELATION BETWEEN Pr AND R 
Hayes and Brewbaker (8) have reported linkage between PI' 
and R in both the coupling and repUlsion phases. In two crosses 
the factor pairs Aa, Cc and Rr were segregating as well as the 
Prpr pair. These two crosses were described as aa CC RR prpr 
x AA cc rr PrPr. The F2 data showed a good 27 to 37 ratio of 
colored to colorless seeds but in the colored seeds there was an 
excess of reds which was attributed to linkage, in the repulsion 
phase, between R and PI'. In a third cross described as AA CC 
RR PrPr x AA cc rr prpr good 9 to 7 ratios of colored to color-
less seeds were secured but there were deficiencies in red seeds. 
The deficiencies of red seed were explained on the basis of the 
coupling phase of linkage between R and PI'. 
In the present study there were several opportunities to secure 
flata on linkage relations of PI' and the other aleurone factors . 
Tables XXII, XXIII, XXIV, XXV and XXVI show the data 
secured. Table XXII gives data on the cross aa CC RR prpr x 
AA cc rr PrPr. In this cross the ratio of colored to colorless 
seeds fits closely the 27 to 37 ratio expected but there is an 
excess of reds in the colored seeds. These data are very similar 
to those of Hayes and Brewbaker (8) which were obtained when 
they made the same type of a cross. They explained the excess 
of red seeds by assuming linkage, in the coupling phase, between 
R and PI'. 
Table XXIII shows daia from a cross of AA cc rr PrPr x AA 
CC RR prpr. Here, again, the R and PI' factors are brought into 
TABLE XXII. F , DATA FROM THE CROSS an CC RR prpr X AA cc rI" P,·P". 
I Purple to red seeds I I 
Pedigree no. I Purple I Red I Dev.! I 
I I I PE l Colorless I Total 
(482-10 X 451-20)534- 1 
I 
111 82 8.31 252 I 445 
2 127 88 8.00 270 485 
4 130 65 3.98 291 486 
5 
I 
142 93 7.65 289 524 
6 115 ' 53 2.90 233 401 
9 180 108 7.26 368 656 
13 89 64 
I 
7.13 216 369 
17 
I 
131 45 .26 259 435 
21 116 50 2.26 263 429 
22 123 62 3.97 235 420 
28 162 113 9.14 353 628 
Total I 1426 823 18.83 3029 5278 
Total Colored : Colorless I 2249 3029 5278 
Theoretical 27 :37 ratio I 2226.69 .92 3051. 39 
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TABLE XXIII. F2 DATA FROM THE CROSS AA cc rr PrPr X AA CC RR prpr. 
Purple to red seeds I I I II Dev. 
Pedigree no Purple I Red PE l Colorless I Total 
( 469-22 X 477-10);;06- ! 1 135 53 I 1. 50 140 328 
83 31 .80 104 218 
104 39 . 93 101 244 
10*1 133 79 6 . 12 167 379 14 18 0 70 1. 62 179 429 
23* 151 71 3 . 56 208 430 
24 \ 
239 69 - 1.56 232 540 
25 150 60 1. 77 209 419 
27 77 22 - .95 93 192 
=-c--,-----,---,----,-~--'T:..:o~ta=-l I 1252 494 4 . 72 1432 3179 
Total no tin cl udi ng .. *.. I 968 ---;C'34;-:;4--+-----i-1.:.;5-;;.2-;----;l"'0~58:;---+----;<2~37~0:---
Total Colored: Colorless --f 1746 143H I 3179 
Theoretical 9:7 ratio I 1788 .21 2.29 1390.831 
the cross from opposite parents, but there IS segregation for 
just two of the aleurone factors, C and R, in addition to PI'. 
The ratio of colored to colorless seeds fits the theoretical 9 to 7 
ratio expected and, with the exception of two ears, the ratio of 
purple to red seeds fits very closely the 3 to 1 ratio expected on 
the basis of independence of PI' and both the C and R factors. 
The two ears out of nine give results similar to those in table 
XXII and also like those of Hayes and Brewbaker (8), but the 
remaining seven ears exhibit good 3 to 1 ratios of purple to red 
seeds. • 
Table XXIV presents data in which there is segregation for 
the same factors as in table XXIII and the factors were brought 
into the cross in the same way. It will be noted that while there 
are data for only four ears in this table, two of the four ears 
show the characteristic excesses of red seeds while the other two 
show very good 3 to 1 ratios. 
TABLE XXIV. F 2 DATA FROM THE CROSS AA CC Rr PrPr X AA cc rr PrPr. 
I PUI'!)Ie to red seeds I 
I I I I I I Dev. i 
Pedig ree no. I Purple Red I P.E. I Colorless Total 
532- 7*\ 165 78 
I 
3.79 
I 
157 400 
17 290 99 .30 284 673 
25 I 196 67 .26 180 443 28* 269 110 4.98 291 670 
Total I ·920 I 354 3.41 912 2186 
Total not including H." I 486 I 166 . 40 464 1116 
Total Colored : Color less 1274 912 2186 
Theoretical 9:7 ratio I 1229. 58 2. 84 956 . 34 1 
The most surprising data are seen in table XXV dealing with 
the test where the same aleurone factors were brought into the 
cross in the same way as shown in the two previous tables, and 
consistent shortages of red seeds instead of excesses are exhibited. 
Probably the best data on the relation between R and PI' are 
shown in table XXVI where only the Rr and Prpr pairs of 
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TABLE XXV. F2 DATA FROM THE CROSS AA CC RR PrPr X AA cc rr p 'rPr. 
1 Purple to red seeds I 
II II \ Dev. I 
Pedigree no I Purple I Red PE l Colorless Total 
I 
(480-2 X 472-3) 550- 6 102 I 18 -3.75 75 195 9 313 85 -2.49 279 677 10 130 30 -2.71 138 298 
11 189 38 -4.26 198 425 
14 275 71 -2 ,85 297 643 
17 203 49 - 3.02 191 443 
19 216 50 -3.47 201 467 
24 110 32 -1.00 111 253 
25 224 49 -3.99 207 480 
Total I 1762 422 -9.08 1697 1 3881 
Total Colored: Colorless I:.' ___ ---'20-01"'"84=--=--c-_+-__ o-=-+_:::.:160-09-=-7~+__1 ----'3:.=8.::.81=-_ 
Theoretical 9:7 ratio J 2183.04 .05 1697.921 
I I I 
factors were segregating and both dominant allelomorphs were 
brought into the cross from the same parent. Any linkage be· 
tween R and PI' should be very evident in these F 2 data as the 
linkage would be in the coupling phase. It will be seen here 
that both the observed ratios are very good fits when considerea 
in relation to the theoretical 3 to 1 ratio. 
TABLE XXVI. F2 DATA FROM THE CROSS AA CC rr prpr X AA CC RR Pl'Pr. 
I Purple to red seeds I 
1 I I I 
I I I Dev. I 
Pedigree no. I Purple I Red I P.E. I Colorless Total 
(486 -1 2 X 458-13) 515- ~ I 87 
I 
35 
I 
1. 39 
I 
43 165 
290 108 1.46 116 514 
104 39 .93 57 200 
15 161 47 -1.19 92 300 
Total I 642 229 1. 31 308 1179 
Total Colored : Colorless I 871 308 1179 
Theoretical 3: 1 ratio I 884.25 1.32 294. 751 I , , 
The data in tables XXII, XXIII, XXIV, XXV and XXVI, 
considered together, throw doubt upon the linkage between R 
and PI' suggested by Hayes and Brewbaker (8). It rather looks 
as if there was some genetic factor, in addition to Pr, in the 
crosses of these investigators and in those shown in the above ta· 
TABLE XXVII. F2 RATIO OF NORMAL TO GOLDEN PLANTS GROWN FROM 
PURPLE SEEDS, AS COMPARED TO THE RATIO GROWN FROM RED SEEDS 
ON THE SAME EAR, IN THE CROSS AA CC r1' prpr gg X AA CC RR Pl'Pr GG. 
Pedigree no. 
(486-12 X 458-13)515. 2 
5 
9 
15 
Total 
Ratio 
Purple seeds Red seeds I 
G i g Gig 1 Total 
54 
135 
83 
108 
380 
11.87 
32 128 11 
11. 64 
78 
198 
116 
159 
551 
375 
bles which was affecting the inheritance of purple and red seeds. 
The data in tables XXIII and XXIV indicate that in the two 
crosses shown in these tables there was segregation for the second 
purple-red factor. 
RELATION BETWEEN Pr AND G 
Two of the crosses segregating for the Prpr pair of factors 
also were segregating for the Gg pair. These crosses, with re-
spect to aleurone and golden factors, can be represented as AA 
CC rr prpr gg x AA CC RR PrPr GG (Table XXVII) and 
AA CC Rr Prpr gg x AA cc rr PrPr GG (Table XXVIII). It 
will be seen that both of these crosses afford opportunity to detect 
linkages, in the coupling phase, between Pr and G. Purple and 
red seeds were planted separately and counts made on normal 
and golden plants obtained. Any linkage between Pr and G 
would affect the ratios of normal to golden plants in the two 
colors of seeds. With linkage between Pr and G, there would be 
a higher proportion of normal plants coming from the purple 
seeds than from the red seeds. With independence between Pr 
and G, there should be the same ratio of normal to golden plants 
coming from the purple seeds as from the red seeds. 
TABLE XXVIII. F 2 RATIO OF NORMAL TO GOLDEN PLANTS GROWN FROIM 
PURPLE SEEDS, AS COMPARED TO THE RATIO GROWN FROM RED 
SEEDS ON THE SAME EAR, IN THE CROSS Ali. CC Rr Prpr gg X AA cc rr 
PrPr GG. 
Pedigree no. Purple seeds Red seeds 
G I g G I g I Total 
(478-8 X 451-14) 532-25 87 I 41 26 18 I 172 25 159 58 55 15 287 
Total 246 99 8 1 33 459 
Ratio 2.48 2.45 1 
It will be seen in tables XXVII and XXVIII that the ratios 
of normal to golden plants were almost exactly the same in the 
purple and red seeds, indicating independence of Pr and G. 
In both tables the ratios of normal to golden plants are affected 
by the fact that in the crosses there was segregation for the Rr 
pair of factors which is linked with g and only the R seeds were 
planted since the r seeds would have no aleurone color. This 
effect, tho, would be the same in both the purple and red seeds. 
In table XXVII the number of golden plants is low because of 
the coupling phase of linkage between Rand G. In table 
XXVIII the number of golden plants is high because of the re-
pulsion phase of the linkage. These data show, then, quite con-
clusively that there is no linkage between the Pr and G factors. 
RELATION BETWEEN RAND G 
By using the ears from progeny 542 which were not segregat-
ing for Gm2gm2 , the linkage relation in the coupling phase could 
376 
be determined between Rand G. It was noted in the discussion 
of table IX, showing the linkage relation between gm" and R, 
that the Gm2Gm2 parent was hybrid for Rand Gm2gm2 parent 
pure for R. This would cause segregation for R in approximate-
ly half of the progeny ears. It was noted also that, as shown 
in table X, this same parent was pure for g and the other parent 
pure for G so that all the progeny ears were hybrid for the Gg 
pair of factors. The cross, then, with respect to Rand G factors 
only, might be written as Rr gg x RR GG. By planting colored 
and colorless seeds separately from some of the ears not segre-
gating for germless seeds and getting counts on normal and 
golden plants, linkage relations between Rand G were determin-
ed. The numbers of colored and colorless seeds planted were 
kept in the exact 3 to 1 ratio and since the germination Wll-S ap-
proximately the same for the colored and colorless seeds (92.8 
for colored seeds and 93.4 for colorless seeds) the ratio of normal 
to golden plants should be 3 to 1. 
Table XXIX shows the data obtained on the linkage relation 
of Rand G. We have in this table the characteristic shortage 
of golden plants which will affect the accuracy of the linkage 
determinations. By use of Yule's coefficient of association and 
Owen's tables of equivalent linkage values, the percentage of 
crossing over is found to be 17.52. 
In table XXX the observed numbers are compared to the ex-
pected numbers on the basis of linkage between Rand G with 
17.52 percent of crossing over. In this table only the two classes 
RG and rG are used so as to eliminate the effect of the shortage 
of golden plants. The value of P is only fair. It can be seen 
from tables XXIX and XXX that the assumption of a little 
looser linkage between Rand G would have made the value 
of P higher. Lindstrom (9 and 10 ) reported a cross-over per-
centage of 20 in one case and 23 in another case. In table XXXI 
the observed numbers in the RG and rG classes are compared 
with the theoretical numbers on the basis of 20 percent of cross-
ing over. This shows a high value for P. 
TABLE XXIX. LINKAGE RELATIONS OF THE RAND G FACTORS IN THE 
CROSS R .. gg X RR GG. 
Pedigree no RG I rG Rg I I Total 
I I I (4 78-3 X 458-8}542-10 65 8 7 
I 
16 96 
11 132 20 11 24 187 
12 86 17 12 16 131 
15 88 11 5 22 126 
25 262 37 25 63 387 
27 139 13 12 
I 
35 199 
28 132 11 12 30 185 
l a 261 33 24 65 383 
6a 202 22 18 50 292 
19a 231 42 I 28 I 50 351 21a 97 14 10 22 14 3 
Total I 1695 228 164 393 I 2480 
Q - .8937. Percent of crossing over _ 17. 52. 
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TABLE XXX. NUl\lBERS OF COLORED AND COLORLESS SEEDS OBSERVED, 
WHERE THE GOLDEN PLANTS ARE DISREGARDED, COMPARED TO THE 
EXPECTED NUMBERS ASSUMING 17.52 PERCENT OF CROSSING OVER. 
Observed 
Expected 
Deviation 
X2 _ 2. 840677 
RG rG 
1695 228 
1717. 89 205.19 
- 22 .89 + 22. 81 
P - .094053 
RELATION BETWEEN RAND Pgl 
In the cross to determine the linkage relation between gm2 
and Pg1 (Table XII), an opportunity was afforded for securing 
data on the linkage of Rand Pg1. The Pg1Pgl Gm2 Gm" parent 
used in this cross was also hybrid for R while the Pg1Pg1 Gm2gm2 
parent was pure for R . Approximately half of the Fl ears were 
segregating for Rr. The cross with respect to the Rand Pg1 
factors, then, was Rr Pg,pgl x RR Pg1Pg1. This cross would 
give, from the ears segregating for both the Rr and Pg,pgl fac-
tors, coupling data on the linkage of the two factors. 
TABLE XXXI. NUMBER OF OOLORED AND COLORLESS SEEDS OBSERVED, 
WHERE THE GOLDEN PLANTS ARE DISREGARDED, COMPARED TO THE 
EXPECTED NUMBERS ASSUMING 20 PERCENT OF CROSSING OVER. 
I RG I rG 
I I Observed 1695 228 Expected 1692. 24 230 .76 
Deviation I +2 . 76 I - 2.76 
X ' _ .037512 P - .855165 
Table XXXII presents the data showing the linkage relation 
of Rand Pg1. The ratio of colored to colorless seeds is almosL 
the exact theoretical ratio, but the ratio of normal to pale green 
seedlings shows the usual shortage of pale greens. Using Yule's 
coefficient of association and Owen's tables, the percentage of 
crossing over between Rand Pg1 is found to be 23.39. Brunson 
(3 ) reports the cross-over percentage between these two factors 
TABLE XXXII. LINKAGE RELATIONS OF THE R ANID pg, FACTORS IN THE 
CROSS AA CC Rr P g,pg, X AA CC RR Pg, Pg,. 
Pedigree no. I RP!>'l ! I rPg, Rpg, I 
(588-1 X 576-7a)604-!1 1 Hi I U ~~ I 
Total I 790 137 105 I 
Q - .7979. Percent of crossing over _ 23.39. 
rpgl 
56 
38 
45 
23 
162 
Total 
399 
299 
296 
200 
1194 
378 
to be 23.3. This is an unusually close check of the two sets of 
data. 
Table XXXIII shows the observed and expected numbers in 
the two classes, R Pg1 and r Pgv assuming 23.39 percent of 
crossing over. The other two classes were omitted from the com- ' 
parison so as to avoid the effect of the shortage of pale greens. 
The high value of P shows a close fit of the observed numbers 
to those expected by theory. 
TABLE XXXIII. NUMBERS OF COLORED AND COLORLESS SEEDS OB-
SERVED, WHERE THE PALE GREEN SEEDLINGS ARE DISREGARDED, 
COMPARED TO THE EXPECTED NUMBERS ASSUMING 23.39 PERCENT OF 
CROSSING OVER. 
Observed 
Expected 
Deviation 
X" - .816695 
790 
799.46 
-9.46 
137 
127.52 
+9.48 
P - .383037 
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